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Radiation Risk to Patients From Percutaneous Transluminal
Coronary Angioplasty
P. LANCE PATrEE, MD, PAUL C
. JOHNS, PHD,*t R. JANE CHAMBERS, MDt*
Ottawa, Ontario, Canada
Objectives. This retrospective study sought to estimate patient
radiation exposure during percutaneous transluminal coronary
softiesty, the corresponding organ doses ad the resulting
cancer mortality risk . Patient demographic data were also exam-
Ined,
~. Coronary angioplasty Is commonly used as an
intervention fbr coronary atherosclerosis, and repeated applica
.
ton In the same patient is now common . The combined sse of
fluoroscopy and cineradiegraphy in this complicated, delicate
and, ban, lengthy procedure Induced as to investigate the
patient radiation exposures and resulting risks
.
Mme, All complete records for angkoplasty procedures
performed over a 3-year period were entered Into a data base
. The
data comprised 1,193 procedures performed In a total of 1,503
patient, of whom 21 % had two or more procedures In the 3-year
period
. lluorescopy time was converted to entrance exposures,
assumaing a rate of 520 pC kg7 l rats-1 (24 R non-1 ). Cineradio.
graphic No lengths were determined for a smaller number of
procedures (200) and converted to exposures at 7 .7 µC kg-1
Frame-1 (30 mR fame-1 ). In addition, drloroscopy and ciners-
diographk does and, hence, exposures for 91 diagnostic anglo .
Coronary atherosclerosis remains the most important health
problem in North America
. Serial coronary angiography is
being used with increasing frequency for diagnosis and
to
assess the elect of intervention
. Percutaneous transluminal
coronary angioplasty is commonly used as an intervention,
and repeated application in the same patient is now common
.
Most of the published reports (1-18) on the radiation
hazards associated with cardiac catheterization have
con-
centrated on diagnostic procedures and exposures to medi-
cal and technical personnel
. It is known that cardiac angiog-
raphy with combined fluoroscopy and cineradiography can
deliver some of the highest patient X-ray doses in diagnostic
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grams performed in these patients were obtained . Exposures were
converted to organ doses using the Monte Carin results of the
Rosenstein group and then to cancer mortality risks using the
latest rates of the International Commission on Radiological
Protection .
Results
. The mean age was 56,0 years ; men constituted 77.5%
of the patients. Radiation doses varied considerably owing to a
large spread in exposure times te.g ., Fluoroscopy time per angio
.
plasty case averaged 19 mini)ut for some cases exceeded 1 h)
. The
average patient skin entrance exposure per angwplasty procedure
was 32.0 mC kg 1 (124 R), of which 69.7% was from dneradiog-
raphy. The resultir,, cancer mortality risk per angioplasty proce-
dure k -8 x 10-4.
Conclusion. The skin exposures estimated for angioplasty are
en average higher than for other X-ray procedures. The cancer
mortality risk does not exceed the mortality risk of bypass
surgery. Good professional practice requires maximization of the
benefltfrisk ratio through quality assurance in all aspects of the
procedure.
(J Ant Coll Ca diol 1993;22:1044-51)
radiology
(1 .2) .
but coronary angioplasty will deliver even
more because it is a much more complicated and, hence, a
longer procedure .
Our literature search located three studies that examined
personnel radiation exposure during angioplasty (15,16,18)
.
Dash and Leaman (15) showed that operator exposure was
93% greater for angioplasty than for routine coronary an-
giography
. The increase was due to longer fluoroscopy times
in angioplasty
; cineradiography times were not significantly
different. Jeans et al
. (16) mapped the scattered radiation
fields in the procedure room for several projections and from
these estimated the dose to different personnel
. Finci et al .
(18) also mainly studied operator exposure but in addition
measured dose to the patient's chest at one site just outside
the radiation field
. They found it to be four times higher with
angioplasty than with diagnostic catheterization
.
The most detailed patient study to date was performed by
Cascade et al . (17),
who examined 51 angioplasty and 63
diagnostic catheterizations
. Times for fluoroscopy and cine-
radiography were recorded and patient entrance exposures
measured using thermoluminescent dosimeters . The average
exposure from angioplasty was 3 .4 times that from diagnos-
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tic catheterization . T:aey pointed out the need to determine
the dose to specific organs .
We undertook the present retrospective study to deter-
mine the patient radiation exposure during angioplasty, the
corresponding organ doses and the resulting risk . Patient
demographic data were also examined. For a subset of the
patients we also determined the cumulative radiation expo-
sure from multiple angioplasty procedures and, in addition,
included all of their coronary angiograms .
Methods
Radiologic equipment and technique. The Ottawa Heart
Institute performed its first coronary angioplasty procedure
in January 1981 and currently has three catheterization
laboratories. Laboratory I uses a C arm with a dual-mode
17/27-cm image intensifier with television and 35-mm cine
cameras . Laboratory 2 is similar, with image intensifier field
sizes of 12 and 17 cm . Laboratory 3 is the most recent and
was first used in 1986 . It is designed for biplane operation
and has two C arms, each with a triple-mode 12/17/27-cm
image intensifier with television and 35-mm cine cameras .
One plane also has digital subtraction angiographic capabil-
ity . Laboratory 3 is considered the most suitable facility for
angioplasty, whereas all of the laboratories are used for
coronary angiograms .
In all three laboratories the most frequently used field size
during the study period was 17 cm . As a measure of beam
quality, the quality control records showed that the half
value layer was typically x3 .5 mm Al, although the value in
laboratory 3 tended to be somewhat higher on fluoroscopy .
Cineradiographic filming was done at 30 frames s - ' with
automatic exposure control. Usually 8 s was required per
run, and there was a minimum of eight runs per angioplasty
procedure. When angioplasty was performed, the patient
was supine on the table, with the image intensifier as close to
the chest wall as possible. Coronary angiography was per-
formed usually by way of the right femoral artery, and
included a left ventriculogram and three views of the right
coronary artery, with a minimum of five views of the left
coronary artery .
Record search. From the annual log books of the cathe-
terization laboratories we extracted the records for each
coronary angioplasty procedure performed at the Ottawa
Heart Institute between January 1, 1987 and December 31,
1989. In our study, an "angioplasty procedure" refers to an
entire angioplasty procedure, irrespective of the number of
vessels treated .
This yielded records of 2,083 angioplasty proc .dures. Of
these, 190 records had incomplete data or were faui.d to be
coronary angiograms incorrectly recorded as angioplasty
procedures and were rejected, leaving 1,893 procedures
undergone by 1,503 patients . The gender and age distribution
of the patients described in the 190 incomplete records were
the same as those of the main study group, and all incom-
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piete records were for patients who had only one angioplasty
proccc!ure during the study period .
Patients with more than two coronary angioplasty proce-
dures during the study period. The complete catheterization
laboratory histories of the 61 patients who had more than
two coronary angioplasty procedures in the 3-year period
were determined from the records . The records for all
additional angioplasty procedures performed before 1987 or
in the first half of 1990 plus all coronary angiograms per-
formed in these patients were extracted . This search resulted
in three additional angioplasty procedures (bringing the total
to 2(M) and 91 coronary angiograms .
Number of cineradiographic frames. Although fluoros-
copy time was available for all examinations, the number of
cineradiographic frames was not in the records. These were
determined from the film weight, corrected for the weight of
the reel and of the leader and trailer film sections . Because
weighing the cine films required many hours of manual labor,
we determined the cine exposures for only a subset of the
coronary procedures . We chose to investigate only the cine
exposures of the 200 coronary angioplasty and 91 angiogram
procedures undergone by the 61 patients who had more than
twe angioplasty procedures.
Data base and statistical analysis. For each procedure the
following variables were entered into a microcomputer data
base using the Statistical Package for the Social Sciences
(SPSS): patient identification . age, gender, body weight,
date of procedure, cardiologist performing the procedure,
type of procedure (coronary angioplasty or angiogram),
which catheterization laboratory was used, fluoroscopy
time, length (if obtained) of the cine film, which coronary
vessel was treated and whether the angioplasty was a
success or failure .
New variables, such as skin exposure and risk, were
generated as described in the following sections . C.orrela-
tions between variables were investigated with the two-
tailed t test .
Radiation exposure rates. Quality control records showed
that phantom entrance exposure rates varied considerably
over the 3-year period and also among the three laboratories .
In part this was due to changes in equipment servicing
and the implementation of more rigorous quality 1,ssuranee .
It was therefore impossible to accurately estimate the en-
trance exposure rate for a specific patient, day and catheter-
ization laboratory. For this study we used the following
nominal values without backscatter ("free in air") : for
fluoroscopy, 520 4 kg- ' min- ' (2.0 R min- ') ;
for cinera-
diography, 7.7 pC kg"- ' frame- ' (30 mR frame')
. These
values are for 17-cm diameter circular fields . The rates will
be higher for smaller fields and lower for larger fields as a
consequence of the automatic exposure control system
adjusting milliamperage and kilovoltage to maintain constant
image intensifier light output .
These exposure rates are Ilot
to be taken as ecommen-
dations for operational levels ; rather, they are values typi-
cally encountered in catheterization laboratories . Indeed, in
H)46
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'For 17-cm diameter ibld . I Gray (GY) - I As - 100 reds . tFrom
lateroadomd Commission on RaioI*al Protection Publication 60(20) .
Note that for X-rays, a dose of I fly curreeponds to a dose equivalent of I Sv,
#freast risk ie for woman
: risk ft men Is assumed to be zero. AP -
mteroposterior; PA - posteroanterior .
our view both the fluoroscopic and cineradiographic rates
could be somewhat lower and still provide the desired image
quality.
Calculation of do to critical organs. Organ doses were
estimated using the Monte Carlo results of the Rosenstein
group (19). They calculated the average organ doses arising
from several standard X-ray projections by summing over
the entire organ the energy absorbed from primary and
scattered radiation and then dividing by the organ mass .
X-ray project for cardiac imaging were not included
by the Rosenstein group (19). Therefore, we estimated dose
per entrance exposure for red bone marrow, lung, thyroid
and breast from the posteroanterior chest X-ray results of
the Rosenstein group (19) for beams of 3.5 mm aluminum
half-value layer . In addition, values fbr bone surfaces were
assumed to be the same as those for red bone narrow. For
lung: arid bone marrow (and, hence, bone surfaces), the
fraction. of they organs in the primary beam scales approxi-
mttely with field size . A factor of 0.148 was therefore
applied, which is the ratio of the area of a circular 17-cm
diameter field to that of a standard 35.6 x 43.2-cm rectan-
gular chest field . The thyroid lies outside the primary beam
in coronary an lasty, but the scatter dose received will
vary again approximately with field size; hence, the same
factor was used. For breast, it was assumed that only one
breast was irradiated and that all of the irradiated breast was
in the primary field ; therefore, a factor of 0.5 was used. Our
values are summarized in Table 1 .
For comparison, rates were also estimated using the
anteroposterior scapula results (one side only) of the Rosen-
staapup (19) for all but breast . This projection is closer in
field size (25.4 x 30.5 cm) to a 17-cm diameter field, but the
beam traverses the patient in the opposite direction . For lung
and thyroid, Table I shows that rates obtained by area
star the anteroposterior scapula data are within 30% of
those from the posteroanterior chest radiograph. For red
bone marrow, the value from the anteroposterior scapula
was only 27% of that fro the posteroantenor chest because
there is more marrow toward the posterior
. The rates based
JACC Vol. 22. No . 4
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on the posteroanterior chest radiograph results were used for
this study.
Calculation of cancer mortality risk rates . Probabilities of
inducing fatal cancers were taken from International Com-
mission or. Radiological Protection (ICRP) Report 60 (20) .
This publication gives mortality rates per unit dose-
equivalent for two different age distributions : the whole
population and the working population. The rates for the
whole population are higher because of the inclusion of
youngpeople, who have increased radiosensitivity and more
years al risk . The coronary angioplasty patient population
mostly Ties in the 43- to 69-year old age group (10th and 90th
percentile ages). Therefore we used the working population
mortality risk rates, which are reproduced here in Table 1 .
We note that the leukemia rate is twice that given in ICRP
Publication 26 (21), the previous international consensus on
radiation risk, and that the lung cancer rate is 3 .4 times the
ICRP Publication 26 (21) value .
In this work we have not included the probability of
inducing nonfatal cancers . In ICRP Publication 60 (20),
Table B-19 estimates that roughly 99% of leukemias are fatal
compared with only 10% of thyroid cancers. Thus, the risk
of inducing leukemia would be 1 .01 times the leukemia
mortality risk estimated here, whereas the corresponding
factor for thyroid cancer would be 10. For other organs the
factor would be intermediate in value .
Results
Patient demographics. Men constituted 77.5% of the
1,503 patients . The mean age over all the patients was 56.0
years, with SD 10 .0 years . The male and female age distri-
butions are shown separately in panels A and B of Figure 1 .
The mean male and female ages were 55 .3 and 58.7 years,
respectively. For men the age range was 26 to 92 years,
median 55.0, SD 10.1 years, and for the women 28 to 81
years, median 59.5, SD 9.0 years .
Figure 2A and B shows the weight distributions for men
and women. The mean weight was 82 .3 kg for men and
69.4 kg for women. The median male weight was 80.6 kg,
which is only slightly heavier than that in the general
population (76.9 kg for men in the United States aged 18 to
74 years [221). The median weight for women, 67 .0 kg, was
also close to that of the general population (62 .4 kg) . The
10th percentile weight for men was 67 .5 kg (5 .2 kg above that
of the general population), and the 90th percentile weight
was 99.0 kg (3 .3 kg above that of the general population) . For
women, the 10th percentile was 54.0 kg (3.7 kg above that of
the general population), and the 90th percentile was 86.4 kg
(2.0 kg above that of the general population). These differ-
ences show that the shapes of the weight distributions are
slightly altered from those of the general population and are
biased toward the heavier weights.
Case load. As seen in Table 2, the number of coronary
angioplasty procedures performed each year increased by
Own
Dose per Entrance Exposure
Icy C - ' ks)'
Cancer Mortality
Risk Rate
(Sv-1)PA Chest AP Scapula
Red bon marrow 0.72 0.19 4.0 x 10-3
Hone suthees 0.72 0.19 0.4 X Ia-'
im6
2.92 2.09 6.8 x 14-'
1myrow 0.31 0.39 0.6 x 10-'
Breaet 1 .53 Not evaluated 3 .2 x 10-3*
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Figure 1. Patient age distributions for (A) men and (B) women . The
age at the time of the coronary angioplasty procedure is shown for
each of 1,503 patients . For patients who underwent two or more
angioplasty procedures, the average age at angioplasty is shown.
62% in just 2 years. Of the 1,893 procedures, 77 .1% were
performed in men .
Of the 1,893 procedures, 60 .8% involved the left coronary
artery, 18.7% the right coronary artery, 16 .1% both the left
and the right coronary artery and 4.4% bypass grafts . The
success rate, as judged by the cardiologist at the end of the
procedure, was 94 .0% overall, with no significant depen-
dence on which artery was treated .
Table 3 shows the frequency of angioplasty procedures
per patient. Of the 1,503 patients, 21% had two or more
angioplasty procedures in the 3-year period, and 4% had
three or more. One patient had five angioplasty procedures .
20 40 60 80 100 120 140 160 180 200
WEIGHT (kg)
Figure 2. Patient weight distributions for (A) men and (B) women .
For patients who underwent two or more angioplasty procedures .
the average weight at angioplasty is shown .
Fluoroscopy exposure times and number of cineradio-
graphic frames. The distribution of fluoroscopy exposure .
time per coronary angioplasty procedure in our study is
shown in Figure 3 . The mean time per procedure was
18.7 min (range 1.6 to 93 .9, median 15 .7 and SD 11 .6) .
In contrast, fluoroscopy times for the 91 coronary angio-
Table 2. Coronary Angioplasty Procedures per Year
Year Men
Women
Total
1987 370
121
491
1988
481 126
607
1989
608 I87
795
Total 1,459
4;4
1,893
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.
	
1047
RADIATION RISK FROM CORONARY ANGIOPLASi
Y
A 500
400
I
W
I=
90o
0
mW
200
x
100
a
I I y MI
N = 1165
MEAN a 82 .3
Il'l a A. .1. A i I
.11 I
20 40 60 00 1001P0140160180200
WEIGHT (kg)
B 110
100
I
N a 936
MEAN a 69.4
W
80
5d
IL
0
60
z
z
40
20
I
11 -t- k C
L-j-, I I 1 4 1 1 1-
1048
	
PATTEE ET AL .
RADIATION RISK FROM
CORONARY ANGIOPLASTY
Table 3
. Coronary Angioplasty Procedures per Patient in the
3-Year Period 1987 to 1989
grams studied had a mean of 5 .4 mist (range 1 .3 to 20 .0 ;
median 4.7 and SD 3.4) .
Figure 4 shows the distribution of the number of cinera-
diographic frames for angioplasty. The mean number was
2,880, or 96 s at 30 frames s'' (range 387 to 8,050, median
2,800 and SD 1,410 frames) .
For the 91 coronary angiograms, the mean number of
cineradiographic frames was 1,980, or 66 s (range 562 to
5,740, median 1,910 and SD 743) .
The mean values quoted here are compared in Table 4
with those obtained in previous studies .
Seven cardiologists performed 98 .5% of the angioplasty
procedures in the 3-year study period . The mean fluoroscopy
exposure time did not differ significantly for six of the seven
whereas it was significantly higher for one cardiologist (mean
24.5 min, p < 0.001. The ratio between the highest and
lowest skin exposures given by individual cardiologists to
patients in the subgroup with more than two procedures in
the 3 years was 49 for fluoroscopy and 21 for cineradiogra-
phy. The same cardiologist delivered the maximum skin
exposure for both fluoroscopy anti cineradiography . The
minimum fluoroscopy exposure was delivered by a different
Figure 3. Distribution of fluoroscopic exposure time required per
coronary angioplasty procedure.
a I	 Li1 1 1 1 I I I I I
0 10 40 30 4050 6070 00 90 100
FLUOROSCOPY TIME (mlnutaa)
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Figure 4. Distribution of number of cineradiographic frames re-
quired per coronary angioplasty procedure .
cardiologist, and the minimum cineradiographic exposure by
yet another cardiologist.
Orgim dose and risk per coronary anglaplasty procedure .
From the average duration of fluoroscopy per coronary angio-
plasty procedure (18.7 min) and the average number of cinera-
diographic frames (2,880), the skin entrance exposure expected
from a typical angioplasty procedure is 32 .0 mC kg- ' (124 R) .
Of this, 69 .7% is contributed by cineradiography . Using the
values of Table 1, we obtain the organ doses and probabilities
of cancer mortality shown in Table 5 . The statistical risk of
cancer mortality per angioplasty procedure is predicted to be
742 x 10-6 for men and 899 x 10-6 for women. Ignoring the
gender difference, to one significant figure the risk is 8 x 10",
or just under 1 :1000.
Patients with more than two coronary angioplacty proce-
dares in the study period. The complete catheterization
laboratory histories of the 61 patients who underwent coro-
nary angloplasty three or more times from 1987 to 1989
(Table 3) were extracted from the records, as described
earlier. Thic group eompriced 46 men and 15 women .
Figure 5 shows the distribution of total skin entrance
exposure per patient accumulated from all diagnostic and
angioplasty procedures to mid-1990 . The mean exposure was
131 mC kg-' (509 R) ; range 60 to 234, median 126 and SD
42 mC kg'' .
For the 61 patients, application of the values in Table l
generates risk predictions of 380 x 10 -6 for leukemia, 38 x
10-6 for bone cancer, 2,600 x 10 -6 for lung cancer and 24 x
10-6 for thyroid cancer. In addition, for women, a breast
cancer risk of 640 x 10" 6 is predicted.
Relative cancer mortality risk . It is of interest to compare
the risk estimates per coronary angioplasty procedure with
background cancer incidence from all causes . This would
ideally be done by comparing the cancer mortality risk from
angioplasty with the cancer risk from other causes that these
patients face in their expected remaining years of life . We
did not attempt this complex calculation . We can, however,
obtain a rough estimate of the extra risk by comparing the
Angioplasty Procedures per Patient
During 3-Year Study Period
Patients
(no .)
Procedures
(no.)
I
1,1 1,188
2
254 508
3 48
144
4
12 48
5 1 5
Total
1,503 1 .893
JACC Vol . 22, No. 4
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Table 4. Average Fluoroscopic Exposure Duration and Number
of Cineradiographic Frames
rate (s
r )
Vor 4V)-veu.el angioplasty . tFor double-vessel angioplasty .
angioplasty risk with the risk to age 74 in our society of dying
of malignancy : 17.8% for men and 12.2% for women (23)
(much of the difference is due to the current difference in
lung cancer incidence). The fractional increase for men is
7.42 x 10 -4/1 .78 x 10-1 = 0.4%. For women, the fractional
increase is 0 .7%.
Per average angioplasty procedure, the total of our pre-
dicted cancer mortality risks for the five sites considered
(marrow, bone surfaces, lung, thyroid, breast) is 1 .0% of the
total lifetime risk due to malignancy at these five sites for
men and 1 .5% for women . For the sites with the highest risks
from angioplasty, the fractional increases in the lifetime
cancer risks in men are 1 .4% for leukemia and 1 .0% for lung
cancer; in women they are 2 .1 % for leukemia, 2 .4% for lung
cancer and 0.6% for breast cancer .
Discussion
Mag. ide of the results of this study . The estimated skin
entranc exposures in this study show average values that
are higher than any of those reported for other X-ray
procedures. Compared with coronary angiography, coro-
nary angioplasty is a more complicated procedure . This
Table S. Organ Doses and Risks of Cancer Mortality for Average
Coronary Angioplasty Procedure
I tjy 111kg = 100 reds; I icy = I red .
PATCEE ET AL .
	
1049
RADIATION RISK FROM CORONARY ANGIOPLASTY
10
0
Z
N
F
Q
IL
0
W 4
m
2 2
rr= s1
so 100 150 200 250 300
TOTAL SKIN ENTRANCE EXPOSURE (rriC(kg)
Figure S. Distribution of skin entrance exposure (total due to
fluoroscopy and cineradiography) per patient accumulated from all
cardiac procedures undergone to mid-1990 by the 61 patients who
received more than two coronary angioplasty procedures in the
3-year period 1987 to 1989 .
leads to increased catheter manipulation time during fluoros-
copy and more cineradiographic runs. Many cardiologists
use cotatinuous fluoroscopy during balloon inflation .
The resulting cancer mortality risks would be even higher
if larger field sizes were used . The risk estimates are based
on the average dose to an entire organ . Because the X-ray
beam is only 17 cm in diameter at the image intensifier, the
beam coen deposits energy in only part of a given organ ;
hence, the average organ dose can be much smaller than the
localized dose to the portion in the primary beam .
The slandard deviations associated with the results re-
ported lure are quite large, implying that many patients will
receive e4oses that are markedly different from the mean.
Furthermore, in this study no attempt was made to account
for variation in exposure rate with patient size . This would
have the effect of further increasing the range in dose .
Expected health effects. Risks associated with exposure
to ionizing radiation are classified as nonstochastic or sto-
c Mastic . The main nonstochastic effects are the generation of
cataracts
and skin erythema . The threshold for cataracts is
generally taken to be somewhat <2 Gy for single exposures
(24) . Because the patient's eyes receive only scattered
radiation, the dose to the lenses of the eyes is only a fraction
of this value for angioplasty, and cataract formation is not a
consideration .
Some skin doses are near the threshold for generating
skin erythema (-2 to 5 Gy, depending on the sensitivity of
the patient [25]) . The probability of erythema is reduced,
however, by the changes in incident beam orientation that
occur during the procedure.
The chief risks associated with exposure to the low levels
of ionizing radiation used in diagnostic radiology are the
stochastic processes of carcinogenesis and induction of
genetic effects in the offspring of irradiated persons
(26) .
During cardiac angiogranhy most of the patient dose is to the
Organ
Organ Dose
(cGy)(")
Cancer Mortality Risk
(x I0-6)
Red bone marrow 2 .29 92
Bone (surfaces) 2 .29 9 .2
Lung 9.35 636
Thyroid 0.99
5
.9
Breast (women) 4 .89
157
Total risk
Men
742
women 899
Dash
and
Leaman
(15)
Find
cr al .
08)
Cascade
et al .
(17)
This
Study
Angioplasty
Fluoroscopy time (min) 34 .5 17.0* 47
18 .7
19.8t
Cineradiographic frames 1 .320
1 .600* 2,790 2,880
2,450t
Cardiac angiography
Fluoroscopy time (min) 13 .5 3 .7 9 5 .4
Cineradiographic frames 1,460
2,450 3,140 1,980
Cineradiographic frame 30
30
45
30
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thorax. Thus, the main risks are those of lung cancer and
leukemia and in women of breast cancer, as seen for
an
average angioplasty procedure in Table 5 .
The age distribution of this patient group reduces the
probability that stochastic radiation effects will be ex-
pressed: In 1981 the average life expectancy for men in
Canada was 71.9 years, whereas that for women was 79 .0
years (27). Inspection of the age distributions in Figure 1
shows that even ifa solid tumor is induced, in many patients
who undergo angioplasty it will not have time to be ex-
pressed .
Risk of ai ernatiwe to a giopiasty, A risk of 1:1,000 per
angioplasty procedure is considerably higher than that of
other X-ray procedures, To see whether this is justified, one
must examine the risk resulting from alternative courses of
action. If no intervention is made, in patients with normal
left ventricular function and mild angina but with critical
stenoses (reduction by >70% of the lumen diameter) of one,
two or three epi ardial coronary arteries, the 5-year mortal-
ity rates are approximately 2%, 8%, and 11%, respectively
(28) . Critical stenosis of the left main coronary artery is
associated with a mortality rate of
m
15%/year (28). Studies
of coronary bypass surgery (29) showed an average periop-
erative mortality rate of somewhat >2% in the 1970 to 1980
period. More recently (28), the mortality rate has been
estimated to be < 1% when the procedure is performed by an
experienced surgical team in selected patients with normal
left ventricular function . Given these alternative risks, treat-
ment of coronary atherosclerosis by angioplasty is clearly
worthwhile for most patients, even if multiple applications
are needed.
Risk redretion . Despite this finding, the stochastic risk
per angioplasty procedure is, on an absolute scale, high
enough to be of concern, The standard of professional
practice is to maximize the benefitlrlsk ratio, and efforts
should' be made to reduce the absolute angioplasty risk as
much as possible . At the same time because the factors that
control patient exposure also determine the amount of
scattered radiation in the procedure room, the radiation
hazard to the cardiologist and others present is reduced .
The radiation exposures used at a given center and by a
particular cardiologist depend on the equipment, the type of
procedures performed (which partially depends on the refer-
ral pattern), experience and personal preference . More spe-
cificsally, patient exposure depends on kilovoltage and milli-
amperage, tube filtration, the X-ray generator waveform in
cineradiographic mode, image intensifier sensitivity, image
intensifier field size and collimation, beam angtalation, num-
ber of views, fluoroscopy exposure time, cineradiographic
framing rate, duration of cineradiography and the use of
protective shielding
. To varying degrees these are all under
the control of the physician
: at equipment purchase time,
through insistence on a quality control program under the
direction of a qualified medical physicist, and during the
procedure itself
. Radiation doses can be reduced not only by
minimizing
fluoroscopy and cine filming time and cineradio-
JACC Vol. 22. No. 4
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graphic frame rate but by imaging only the area of interest
and by minimizing the tube current so as to maintain a level
of image quality no higher than necessary . Biplane imaging
should be used only when a single view would be insuffi-
cient .
We are indebted to Gordon McGillivray and Susan Pattee for their dedicated
technical assistance, cooperation and encouragement . We also thank Walter
Huda, PhD, for helpful discussions and for providing motivation for this
study.
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